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Abstract 

A spin (dependent) system treatment of gravity is adopted akin to the Sen-Ashtekar 
treatment. Time is reinserted into the space "fluid" at the quantum Level. This time - the 
Lorentzian one- is shown to be a vorticity of a "fluid particle" of the space and the effect is 
integrated over all the fluid particles to incorporate time in quantum gravity. This spacetime 
is viewed as a fluid of future light cones called the SU(2) dipoles of causality here in the 
paper. The future light cone structure is soldered internally to the new variables derived in 
this paper to accomodate a background free physics of quantum strings. The emergence of 
spacetime is shown to be a first order phase transition and that of separation of gravity from 
the unified field to be a second order phase transition. For the former case the cosmic time 
is chosen as the order parameter and for the latter case the angular momentum is chosen as 
the order parameter. A quantum blackhole thus nucleates at transition temperature which 
is the Planck temperature, t v i. Then the SU(2) dipoles enable interpretation of this black 
hole as a gravity gauge SL(2,C) dual of the U(l) gauge ferromagnetic phase. The usual QFT 
interpretation of this effect is the existence of locally Lorentzian spacetimes. 

1 Preliminaries 

We consider the configuration space C of pure gravity or general relativity (GR), whose cotangent 
bundle is the phase space 77 of the SL(2,C) Yang-Mills gravity gauge. Fix in this configuration 
space a state functional ip. The gauge transformation ip — > ip' introduces a dynamical phase and 
a geometric phase. This geometric phase induces a SL(2,C) Berry connection K*. As in the 
Sen-Ashtekar formalism, we consider this connection with Lorentzian indices fivpa.... and with a 
Lie Algebra index 'i,j,k,l...'. The SL(2,C) Berry curvature is then 

Giv^d^+igiK^KvY (1) 
Each Kl is & positive definite square root of the metric Qfxv &s 

= A^ £ V (2) 

where e is the SU(2) volume form. Later we interpret this curvature as due to the non-abelian 
Meissner effect which renders the asymptotic flatness and the locally Lorentzian spacetimes. Simi- 
larly we design for the dynamical phase, the energy momentum connection from which we have 
the energy- momentum form t* . This we interpret as the QFT curvature of the vector bundle 
associated with the SU(5)= SU(3)®SU(2)®U(1) gauge. We then have 

G% = ~^ T Jiv (3) 

where k is a constant that carries the appropriate dimensions in G,h and c. In the new frame- 
work what is the interpretation of these new field equations? Imagine a Geometric ensemble- an 
ensemble of points and lines connecting those points and with each point associated a future light 
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cone soldered to it. Then equation (1) is a wave equation wherein vibrating lattice of points and 
lines produce geometric "phonons" which are elements of SU(5)= SU(3)<g>SU(2)®U(l). These are 
nothing but strings. Consider a trough containing a liquid. This liquid has a latticial structure 
and produces acoustic phonons. The velocity limit on these phonons is that of sound which is a 
massless mode in that medium, similarly the velocity limit for our geometric phonons or strings is 
that of a photon in that medium which is spacetime wherein photon is as we all know, a massless 
mode. The extra dimensions can exist independent of this spacetime since the grannular structure 
of space is below the Planck Length and the string length exceeds this cutoff length for the ratio 
of the Planck length to the string length is the so called string charge which delivers a value of 
the fundamental electric charge which is much lesser than 1 (= 1.6 x 10~19). 



2 Incorporating time in quantum gravity 

Consider the Hamiltonian phase space of gravity. Let us imagine our space as a fluid consisting 
of nodes and links. The wave function of any object can now be interpreted as the wave function 
of the fluid particle in the entire body of the space fluid. In the former case the wave function is 
represented by 

%l> = e t{px ' Et) (4) 

For a connection K 1 ^ fix a ket \ip) and an azimuthal bra (tp\. Then for the constraint surface 
representing the fluid particle, the product (<p\ip) is ip(K, ip) Now fix an isomorphism between the 
constraint surface of the fluid particle and that of its bulk. This is the velocity V of the fluid 
particle relative to the bulk of the fluid which is space. The isomorphism allows for incorporation 
of the Einstein velocity addition theorem. Then define a vorticity of V as 

w := vorv = curlv (5) 

Now fix an automorphism in the configuration space of the bulk of space fluid. This we take as 
its 3- velocity 'u'.Now let 

ip(K, ip) = e *(^-™ r ) (6) 

where T is the circulation of the fluid particle. The explicit analytical continuity between the 
representations of eq(4) and eq(6) may then be interpreted as 

Et = mT (7) 

t = - 2 (8) 

since E=mc 2 . Thus time arises naturally as a kind of vorticity of the fluid particle. The vorticity 
'w' satisfies an equation for an inviscid liquid. For the canonical time, 9 and the bulk velocity V 
of the space, this equation reads 

dw , , . 

— — = curlu A w (9) 
uu 

Eq(9) tells us that the vortex lines are dragged with the fluid moving with a constant velocity V. 
Thus we perceive spacetime rather than space and time separately. In addition to this vorticity 
produces expansion and more the 4-volume more the time in that volume and hence more the 
expansion. Expansion of the universe is thus directly proportional to its 4-volume. 



3 Phase Transition: Emergence of spacetime and freezing 
out of gravity 

Consider a gas of nodes and links henceforth referred to as grannulons for convenience. Let E > 
Epl be the energy of the system of grannulons. The temperature of the ensemble is To — |-§ 
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where a is entropy of the system. If the temperature of the gas is decreased, the gas condenses to 
form a liquid of grannulons. The partition function for this gas is 

z = Tre-^-^l (10) 

where fi is the chemical potential of the grannulons. We choose the cosmic time V as the order 
parameter. The partition function (10) changes in response to a change in energy as 

r=±lnz (11) 

The entropy and action are related in our context, see for example [1]. A discontinuity in the 
action 'S', associated with the path integral evolution of the wavefunctional on C, given by 

S=(T^-P) (12) 

can be expressed by the gap in the entropy 'a' as 

dP 

disco = T c disc-^ (13) 

From (11) with Inz = V(P — So) where So is the ground or pre-geometric action. To this corre- 
sponds (0|t|0); it follows that 

dS a 8P 8P 

T= ^E-dE = mQ) -dE (14) 

If we expand the pressure in the vicinity of T c according to 

P = P C + (T-T C )^\T C + ... (15) 

P depends on E via P c and T c as 

dP _ dPc _ 9TcdP lT 

Inserting (16) into (14) and applying "disc" on both the sides, the result is 

dT dP 

discr = —^disc—\T = T c (17) 
dE dT v ' 

While P is discontinuous at T c (as in the case of a first order phase transition), ^ may jump. 
From (13) and (17), we finally obtain 

dT c _ discr 

8E ~ c discS [ ' 

Since time as an order parameter is implicitly ordering all dynamics by generating contact trans- 
formations in the phase space, eq (18) defines a chiral condensate. This provides a background 
spacetime for the second order phase transition in the liquid. Here we take spin as the order 
parameter. Now the black hole energy is written as 

2 

dU = -^dA + ndJ + 4>dQ (19) 

We build the gravitational Gibbs Function as 

G = U - kA-QJ + 4>Q (20) 
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so that 

c 2 

dG = -Ada ■ —— - Jdtt - Qdcf) (21) 
onG 

Some elementary partial differential manipulation gives 

dn , , 8ttG J n — J s 



dQ^ c 2 A n -A s 



(22) 



which is identical with the Clausius-Clapeyron equation. A parallel generalisation on the basis of 
the work of Unruh [2] allows for k being replaced by the acceleration 'a' so that we have 

da 8ttG J n - J s 

m^ c = —A-^T s (23) 

Thus all the gravitational lines of force get pushed into the "energy momentum bags" and a 
phase analogous to the QCD confinement phase occurs at critical electric potential. The local 
expulsion of gravity in Lorentzian frames leads to the Strong Principle of Equivalence. Thus we 
have locally Lorentzian spacetime as a SU(2) superconductor and the straight line geodesies are 
the gravitational supercurrents in the spacetime. The heavy energy momentum bags orient the 
SU(2) dipoles close to them as in the case of black holes wherein the future "dipoles" are trapped 
within the event horizon. 
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